Ribosomes of Escherichia coli were visualized in buffer solution by atomic force microscopy (AFM). A series of time-dependent AFM images showed that ribosomes spontaneously adsorb on mica. Although ribosomes observed in air are forced to flatten on the surface, the height of ribosomal particles obtained under a physiological buffer solution is 21:8 AE 0:5 nm, which is consistent with the ideal diameter. We succeeded in observing single ribosomes in a near-native condition.
The ribosome is a ribonucleoprotein complex consisting of large and small subunits. It serves as the site for protein biosynthesis, translating the messenger ribonucleic acids (mRNAs) into a specific sequence of amino acids. 1) Recently, there has been a boom in the study of the detailed structure of prokaryotic ribosomes by X-ray diffraction and cryo-electron microscopy, but this was only research on ribosomes in crystallization [2] [3] [4] [5] or in lyophilization. [6] [7] [8] Under a physiological buffer solution, the biomolecules retain their native structure and function, since denaturization by dryness is prevented. 9) Atomic force microscopy (AFM) is a powerful tool for visualizing biomolecules with high spatial resolution in both ambient and aqueous environments. [10] [11] [12] Although ribosomes of eukaryotes [13] [14] [15] [16] and prokaryotes [17] [18] [19] have been observed by AFM, the data have been imaged only under an ambient atmosphere. Here we report the morphology of Escherichia coli ribosomes observed in a near-native condition by AFM.
According to the literature, 20) 70S ribosomes were isolated from E. coli JM109 cultured at 37 C. The ribosome obtained was suspended in a physiological buffer solution [10 mM Tris-HCl (pH 7.5), 10 mM magnesium acetate, 60 mM NH 4 Cl, 3 mM 2-mercaptoethanol]. Mica was used as a substrate for the visualization of ribosomes using AFM, because freshly cleaved mica has an atomically flat surface. Discs of mica were glued to steel discs with double-coated tapes, and cleaved with mending tapes immediately before use. The AFM used for this study was a Multimode scanning probe microscope with a Nanoscope IIIa controller (Digital Instruments, Santa Barbara, CA). The freshly cleaved mica was submerged under the buffer solution in a liquid cell. The ribosome-containing solution was then injected into the liquid cell, and AFM images were acquired using the tapping mode under the solution to image the behavior of the spontaneous adsorption of ribosomes to mica. The scanning tip was a silicon nitride cantilever with a spring constant of 0.58 N/m and a resonant frequency of approximately 9 kHz. The curvature radius of the AFM tip was 40 nm. The scanning rate was between 0.5 and 2 Hz, with 512 lines per frame. All AFM measurements were performed at 25 C. Heights and grain sizes were analyzed using SPIP software (Image Metrology, Lyngby, Denmark). Figure 1 shows a series of time-dependent AFM images during the adsorption of ribosomes from the 12 nM solution onto mica surfaces. The brighter region in the topographic images shows an elevated height. The white protrusions correspond to single ribosomes. After 30 min of injection, a sparser surface coverage of ribosomes was observed, as shown in Fig. 1A . The number of ribosomes increased as a function of time, indicating that ribosomes spontaneously adsorb on mica. 21) Additional ribosomes adsorbed on the surface are shown in the regions indicated by the broken white circles in Figs. 1B and C. These images suggest a slow adsorption rate of ribosomes onto mica surfaces. Indeed, for AFM observation in air, a long exposure period enabled us to obtain images of the observable amount of ribosomes on mica. 19 ) AFM observation of biomolecules in buffer solutions generally requires that a cation, such as nickel ion, is deposited on mica surfaces for immobilizing biomolecules on mica through electrostatic interaction. 22, 23) In the present study, however, no such cation treatment was performed, and yet the number of ribosomes desorbed from mica surfaces was negligible, suggesting that ribosomes are strongly immobilized on mica. This adsorption might be caused by electrostatic interaction, as seen in the adsorption of y To whom correspondence should be addressed. Tel: +81-6-6879-8445; Fax: +81-6-6875-2440; E-mail: kawai@sanken.osaka-u.ac.jp Biosci. Biotechnol. Biochem., 70 (1), [300] [301] [302] 2006 Note avidin to mica. 24) Unfortunately, we were unable to capture the detailed structure of ribosomes in the solution, as shown in the inset to image 1C. Unlike a close-packed array of molecules, it is difficult to distinguish the fine structure of isolated ribosomes, because the resolution is reduced by the tip-sample convolution effect. 25, 26) In the present situation, we could not achieve high-resolution imaging of isolated ribosomes even by AFM observations in air. 19 ) Figure 2 summarizes the height data of ribosomal particles measured by AFM. The mean height of single ribosomes was 21:8 AE 0:5 nm, which is consistent with the ideal diameter.
27) The obtained height is significantly larger than the value reported by AFM observation of ribosomes in air (11 nm). 19) This result suggests that the flattening of ribosomes on the surface, caused by the capillary force due to the surface layer of water under an ambient atmosphere, is avoidable under an aqueous environment. In solution, however, a small flattening of ribosomes appears to occur, probably due to adsorption on mica surfaces. Indeed, a slight distribution of lower height is observed in the histogram. In addition, the apparent lateral size of a single ribosome at halfmaximum in the AFM images was 67:6 AE 4:6 nm. This exceeds the width (W ¼ 59 nm) estimated by the formula W % 2ðRDÞ 1=2 , where R is the curvature radius of the AFM tip, and D is the measured height of the molecule. 28) This increase in width is probably due not only to the tip-sample convolution effect, but also to the flattening of ribosomes adsorbed on mica surfaces. Although dissociation of the coupling of the 50S and 30S ribosomal subunits was observable in air, 19) little was observed under the buffer solution. When ribosomes on mica were observed by AFM in air, the solution of the 70S ribosome was diluted with ultrapure water to prevent a deposit of buffer ingredients. The dilution procedure might result in dissociation of the coupling. The AFM observation under the buffer solution allowed the elimination of unwanted capillary force and the prevention of dissociation of ribosomal subunits. Thus we successfully obtained the morphology of single ribosomes in a near-native condition. 
